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A. RESEARCH PERFORMED WITH A.R.O. SUPPORT

I. Studies of Ions in CO2 Gas. The first phase o our A.R.O. research

involved a study of positive and negative ions in carbon dioxide gas. The

S principal objective was to obtain data that would be useful in the modeling

of CO2 lasers. Our findings are summarized below:

We have investigated in drift tube mass spectrometers the identity

and the t ransport  properties of ions formed in CO 2 gas at pr essures

ranging from ~~~~ torr to 762 torr.  Under bombardment by low energy

(20— 100 eV) electrons in the ion source , the pr imary  posit ive ion is

pr edomi nant l y CO~ , with traces of c’
~
’, 0+ , and CO

P. The predominant

ion become s 0 at pressures above 100 microns (0.1 t o r r) ,  and cluste r ing

of CO2 molecules to the 0 occurs even at pressures below 1 torr .  Breakup

of the clusters also occurs , the ion iden t i t y cha n ging man y t imes in the

d r i f t  region . The zero—field reduced mobility of the O~ 
. (GO 2 ) cha r ge

carrier is a function of pressure , and varies from (1.30 + 0.03) cm
2
/V—sec

at 0.2 tor r  to (1.18 ± 0.03) cm2/V—sec at 1 torr .

The sole negative ion produced direct ly  by the electron bombardment
is 0 , which clusters to form the stable ion C03, whose reduced mobi l i ty
is (1.27 ±0.06) cm 2 /V—s ec for E/N < 60 Td at all pressures below 1 torr .  At

much higher pressures and under somewhat d i f fe ren t  conditions (above

30 torr and using beta source ionization),  ions in CO2 are observed to

form multiple clusters , the population dis tr ibut ion among the clusters being

strongly dependent on gas temperature.  The zero—fie ld  reduced mobility

of the charge carrier is largely independent of the ident i ty  of the core

ion, and varies with pressure from roughly 1.2 cm 2 /V—sec at 35 torr to about

1.0 crll 2 /V—s ec at 762 torr .  We have measured the rate coeff ic ient  for the

reaction 0 + 2C02 
-
~~ CO3 + CO2 at room temperature and obtained the result

(7— 14) x io
_28 

cm6/ s ec at B/N (80—100) Td.

A full account of this work appears in Ref. 2 of Section C of this report.

II. Measurements on Alkali and Ha1og~n Ions in the Noble Gases. We have S

- ‘ made extensive measurements of thc mobilities and longi tudinal  d i f f u s i o n  coeff icients

of alkali and halogen ions in the noble gases over a wide range of li/N. This

work is discussed in Rcfs. 5, 7, 8, 9, 11, 12, 15, and 16.

The measured transport coefficients arc of direct interest in their  own

right in the modeling of electrical discharges and other phenomena involving

piasmas and ionized gases. However, our strongest motivation for measuring

the mobility of ions in gases over a wide range of E/N has been to obtain data

from which information on ion—neutral interaction potentials can be derived

1 
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for a wide range of separation distance.  The in ter ac t ion potent ial  for  a 
S

two—particle system is one of the most fundamental  propert ies of t he  system.

It determines the mutua l  sca t te r ing  behavior of the par t ic les  and hence

the transport  properties.  The interaction potential also determines

many proper t ies of the sy st em tha t i s f ormed i f  the t wo pa r t i c l e s  can

temporari ly or permanent ly combine. In the case of radia L I Vt’ processes ,

for  example , t he interact  ion potent iais fo r  t h e  upper and gr ound st at es

of a neutral  d ia tom ic  molecule  or Ion determine the wave f u n c t i o n s ,

t r ansi t ion p r obabi l i t i e s , and spectral  f ea tu re s .  The s tandar d beani

scat t er ln~ teehu tque used to obtain In fo rmat ion  about the in terac t  ion

pote nt ia l  for  an ion—n eut r a l  system covers a much smal icr range of

separation dist a i lce  th an  does the  new met hod mentioned here. Our work on

obtaining in t e r a c t i on  potentials for  combinations of noble gas atoms w i t h

the positive a lka l i  ions and the negative halogen Ions has gone forward

without  d i f f i c u l t y .  We are also p lann i ng to use these potentials to obtain

the Inte ract ion pote n t ia l s f or var ious combi na t ions  of neutral nob le gas

atoms. This plan Is discussed in our research proposal submItted to A . R . O.

on Jan . 12 , 1977. These data should be of considerable interest  In connect ion

with noble gas—noble gas excimer gas lasers .

In addi t ion , we are using our d i f f u s i o n  data to test the new unpublished 
S

theory of ionic d i f fus ion  In gases at arb i t rary  electric f ie ld s t rength that has

been recently developed by E .A.  Mason and L.A. Viehiand .
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